Abstract. The objective of the present study was to investigate the effects of Tim-3 silencing on cell viability and lipopolysaccharide (LPS)-induced inflammatory reactions in fibroblast-like synoviocytes (FLS). T-cell immunoglobulin mucin domain molecule (Tim)-3 expression in FLS obtained from patients with rheumatoid arthritis (RA) and normal controls were detected by western blot analysis and reverse transcription-polymerase chain reaction (RT-PCR). Small interfering (si)RNA was transfected using Lipofectamine ® 2000 to decrease Tim-3 expression. Following transfection, FLS were stimulated by LPS. An MTT assay, RT-PCR and western blot analysis were performed to measure cell viability, Toll-like receptor 4 (TLR4) signaling pathway-related protein expression and inflammatory cytokine release, respectively. The results of the present study indicated that Tim-3 expression was increased in FLS from patients with RA compared with FLS from healthy controls. Transfection of Tim-3 siRNA significantly decreased Tim-3 expression in FLS from patients with RA. Notably, Tim-3 silencing decreased FLS cell viability. Following stimulation with LPS, cell viability and the expression of TLR4, myeloid differentiation protein gene 88 (MyD88) and nuclear factor-κB (NF-κB) p65 were enhanced in FLS. By contrast, Tim-3 silencing attenuated LPS-induced cell proliferation and the expression of TLR4, MyD88 and NF-κB p65. In addition, LPS significantly increased levels of cytokines in the supernatant, including tumor necrosis factor-α, interferon-γ and interleukin-6 (P<0.01). By contrast, Tim-3 silencing significantly decreased LPS-induced cytokine release (P<0.01). However, Tim-3 silencing did not affect TLR4, MyD88 and NF-κB p65 expression and the release of cytokines in cells that did not undergo treatment with LPS. Therefore, the results of the present study indicate that Tim-3 silencing decreases the viability of FLS in RA and attenuates the LPS-induced inflammatory reaction.
Introduction
Rheumatoid arthritis (RA) is a type of autoimmune disease, primarily characterized by the proliferative and destructive inflammation of the synovium (1, 2) . Recurrent synovitis contributes to the loss of joint structure and function. RA not only has a high incidence (0.5-1% in adults from developed countries) but also has a high mortality rate (~30,000 globally) (3) . T helper (Th) cell-mediated immune responses and inflammatory cytokines perform critical roles in the development of RA. Specifically, Th 1 cells are highly activated in the synovial fluid, which is able to secrete a large number of inflammatory cytokines including tumor necrosis factor-α (TNF-α), interferon-γ (IFN-γ) and interleukin (IL)-6 that damage the articular synovium and bone (4) (5) (6) . Fibroblast-like synoviocytes (FLS) are one of the most important types of synovial cells. Following stimulation by pathological factors, FLS release various cytokines to facilitate joint destruction (7) .
Toll like receptor (TLR) is a type of inherent immune receptor and may be activated by its ligands, such as lipopolysaccharide (LPS) (8) . The downstream signaling pathway consists of recruiting bone marrow myeloid differentiation protein gene 88 (MyD88) and activating the tumor necrosis factor-κB (NF-κB) p65 signaling pathway, which regulates the expression of inflammatory cytokines and promotes the immune response (9, 10) . Previous studies have implicated that the TLR4 signaling pathway is activated in RA and that activation of the TLR4 signaling pathway is closely associated with the onset and development of RA (11) (12) (13) .
The T-cell immunoglobulin mucin domain molecule (Tim) gene family was initially identified in 2001 (14) . This gene family is located on human chromosome 5 and 3 different subtypes have been identified so far: Tim-1, Tim-2 and Tim-3 (15) . Tim-3 is considered to be a specific surface marker of Th1 cells and is able to regulate the immune response of Th1 cells to participate in systemic lupus erythematosus, aplastic anemia and other autoimmune diseases (16, 17) . Furthermore, Tim-3 is highly expressed in cluster of differentiation (CD)4 + T cells, as well as the synovial tissue of patients with RA (17) (18) (19) . Tim-3 is closely associated with the TLR4 signaling pathway and participates in a variety of immune diseases by regulating this signaling pathway (20, 21) . The present study hypothesized that Tim-3 may be involved in the onset and development of RA by mediating the TLR4 signaling pathway. To verify this hypothesis, FLS was selected as the cell model to demonstrate the effect of Tim-3 silencing on FLS cell viability and LPS-induced inflammatory reactions.
Materials and methods
Cell culture. Synovial tissue was obtained from 20 patients with rheumatoid disease who had surgery to replace a knee joint at the Sichuan Provincial People's Hospital, (Sichuan, China) between June 2015 and June 2016. Of the 20 patients, 5 were male and 15 were females, with a mean age of 53 years. All patients with RA were diagnosed according to the standard for the American College of Rheumatology Classification Criteria (22) . Normal synovial tissue was obtained from 10 healthy controls (5 male and 5 female patients with a mean age of 38 years) that had undergone amputation between June 2015 and June 2016 in the Orthopedics Department due to accidents but did not have rheumatoid disease. Informed consent was obtained from each patient and the experimental protocol was approved by the Ethics Committee of Sichuan Provincial People's Hospital.
Synovial tissues were washed with phosphate buffered saline (PBS) under sterile conditions and adipose tissue was removed. Synovial tissues were cut and digested using trypsin and collagenase for 30 min and 3 h, respectively. Cell suspensions were obtained by centrifugation (987 x g for 4 min at room temperature) and cultured in Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplied with 10% fetal bovine serum (Hyclone; GE Healthcare Life Sciences, Logan, UT, USA), 100 U/ml penicillin and 100 U/ml streptomycin in an incubator at 37˚C containing 5% CO 2 . The second or third generation of FLS was used in subsequent experiments.
Reverse transcription polymerase chain reaction (RT-PCR).
RNA was extracted from FLS using a TRIzol assay kit (Baosheng Science & Technology Innovation Co, Ltd., Shanghai, China). The purity of RNA was confirmed by assessing the optical density (OD)280/OD260 by spectrophotometer (Shanghai Precision Instrument Co., Ltd., Shanghai, China). RNA was reversed-transcribed into cDNA using a one-step reverse transcription kit according to the manufacturer's protocol (catalogue no. RR055A; Takara Biomedical Technology Co., Ltd., Beijing, China) and amplified in a 25 µl PCR reaction system (HiFiScript cDNA; catalogue no. YJ2569; CW Biotech, Beijing, China) for PCR (UItraSYBR Mixture; CW Biotech) following treatment with DNA polymerase (catalogue no. EP0041; Thermo Fisher Scientific, Inc.) as follows: Denaturation at 94˚C for 45 sec, annealing at 59˚C for 45 sec and extension at 72˚C for 60 sec for 35 cycles as previously described (23) . The primer sequences used for Tim-3, TLR4, MyD88, NF-κB p65 and GAPDH are presented in Table I . PCR products were detected by 2% agarose gel electrophoresis with ethidium bromide staining and the density of the band was analyzed by ImageJ Software v1.48u (National Institutes of Health, Bethesda, MA, USA).
Transfection of FLS with siRNA. FLS (3x10 5 /ml) were cultured in 96-well plates at 37˚C. When the cells reached 50% confluence, siRNA Tim-3 and control siRNA (Shanghai GenePharma, Co., Ltd., Shanghai, China) were transfected using Lipofectamine ® 2000 (Shanghai Jima Industrial Co., Ltd., Shanghai, China). 1 µg/ml LPS (Aladdin Shanghai Biochemical Technology, Co., Ltd., Shanghai, China) was added to the cells, 6 h after transfection.
MTT assay. Cell viability was detected by MTT assay (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 48 h following transfection, as previously described (17) . Purple formazan crystals were dissolved in dimethyl sulfoxide and absorbance was measured using a microplate reader (Thermo Fisher Scientific, Inc.) at a wavelength of 560 nm.
Western blot analysis. Following transfection, FLS were collected and the protein was extracted for western blot analysis 48 h later, as previously described (23) . The antibodies, including anti-Tim-3 (catalogue no. ab185703), anti-TLR4 (catalogue no. ab13556), anti-MyD88 (catalogue no. ab2068), anti-NF-κB p65 (catalogue no. ab207297; all 1:1,000; Abcam, Cambridge, UK) and anti-GAPDH (1:1,000; catalogue no. AG019, Beyotime Institute of Biotechnology) were incubated overnight at 4˚C at a dilution of 1:100. After washing with 0.1% PBST (0.1% Tween-20), membranes were probed with anti-mouse immunoglobulin (Ig) G or anti-rabbit IgG horseradish peroxidase-conjugated secondary antibodies (1:100; catalogue nos. ab131368 and ab191866, respectively; Abcam) at room temperature for 2 h. The ECL reagent kit (catalogue no. RPN2133; GE Healthcare Life Sciences, Chalfont, UK) was applied to assist the staining. The blots were scanned using a ChemiDocTM XRS (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and grey density was analyzed using Quantity One analysis software v1.4.6 (Bio-Rad Laboratories, Inc.).
ELISA. The supernatant was collected to complete ELISA 48 h after transfection. TNF-α (catalogue no. ab181421), IFN-γ (catalogue no. ab46025) and IL-6 (catalogue no. ab46027; All Abcam) levels were determined following the instructions of the specific assay kits.
Statistical analysis. All experiments were repeated at least three times and data are presented as mean ± standard deviation. Statistical analysis was performed using version 17.0 of SPSS (SPSS, Inc., Chicago, IL, USA). Student's t test was used to analyze the differences and P<0.05 was considered to represent a significant difference.
Results

Tim-3 expression is increased in RA FLS.
The expression of Tim-3 mRNA and protein was assessed. The expression of Tim-3 protein was markedly upregulated in RA FLS (Fig. 1A) . Furthermore, levels of Tim-3 mRNA were markedly increased in RA FLS compared with the control (Fig. 1B) . These results suggest that Tim-3 may be a target for RA therapy.
Tim-3 silencing attenuates LPS-induced Tim-3 expression.
The siRNA for Tim-3 was designed to decrease Tim-3 expression. As presented in Fig. 2 , siRNA significantly attenuated the expression of Tim-3 protein and mRNA (P<0.01; Fig. 2B and D) .
The present study also analyzed the effects of Tim-3 silencing on LPS-induced Tim-3 expression. As presented in Fig. 3 , LPS treatment significantly increased Tim-3 protein and mRNA expression (P<0.01; Fig. 3B and D) . Tim-3 silencing not only significantly decreased Tim-3 expression in RA FLS (P<0.01), but also significantly decreased LPS-induced Tim-3 expression (P<0.01; Fig. 3B and D) . It was confirmed that Tim-3 silencing significantly decreased the LPS-induced increase in Tim-3 mRNA and protein expression (P<0.01; Fig. 3B and D) .
Tim-3 silence decreases the viability of FLS from patients with
RA. Compared with the control, Tim-3 silencing significantly decreased the viability of FLS (P<0.01; Fig. 4) . However, LPS treatment also significantly increased the cell viability of FLS transfected with control siRNA and Tim-3 siRNA (P<0.01). Furthermore, compared with the control siRNA, Tim-3 silencing significantly attenuated the increase in cell viability induced by treatment with LPS (P<0.01; Fig. 4 ).
Tim-3 silencing decreases TLR4, MyD88 and NF-κB p65
expression. The effect of Tim-3 silencing on inflammation-associated gene expression was evaluated. LPS treatment significantly increased the expression of TLR4, MyD88 and NF-κB p65 mRNA and protein (P<0.01; Fig. 5 ). Furthermore, Tim-3 silencing attenuated the LPS-induced increase of the expression of these genes at the mRNA and protein level (P<0.01; Fig. 5 ). By contrast, there were no significant differences between the expression of TLR4, MyD88 and NF-κB p65 mRNA and protein in FLS transfected with Tim-3 siRNA compared with those transfected with control siRNA that did not undergo LPS treatment (Fig. 5C-H) .
Tim-3 silencing decreases TNF-α INF-γ and IL-6 levels.
The current study measured TNF-α, IFN-γ and IL-6 levels in FLS and it was determined that LPS treatment significantly increased levels of TNF-α, IFN-γ and IL-6 in FLS (P<0.01; Fig. 6 ). Tim-3 silencing did not significantly affect cytokine release in FLS that did not undergo treatment with LPS, however it did significantly decrease the release of cytokines in FLS treated with LPS (P<0.01; Fig. 6 ).
Discussion
RA is a type of autoimmune disease characterized by synovial inflammation, which is characterized by the excessive proliferation and invasion of synovial cells, as well as production of invasive pannus (1,2) . CD 4+ T cells in the synovial tissue of patients with RA are activated and a large number of inflammatory factors are secreted to stimulate the synovial proliferation and invasion of blood vessels, which ultimately leads to the destruction of bone and cartilage (4) (5) (6) . FLS is one of the effective cells involved in the development of RA and is also the primary component of synovial cells, which exhibit 'tumor-like' invasion activity (24) . In a hypoxic environment, FLS is stimulated by Th1 inflammatory cells to activate a variety of signaling pathways involved in the onset and development of RA (19) . Therefore, FLS were selected as the targeted cells in the present study. The current study compared Tim-3 expression in FLS from patients with RA to that of normal controls. FLS cells were stimulated with LPS and the function of Tim-3 was subsequently investigated. The current study measured Tim-3 expression in FLS from patients with RA using western blot analysis and RT-PCR. Consistent with previous studies (18, 19) , the results of the present study demonstrated that Tim-3 expression in FLS from patients with RA was significantly higher than that of controls. Specific siRNA was designed to decrease Tim-3 expression. Although siRNA successfully decreased Tim-3 expression, Tim-3 expression increased following LPS stimulation even in cells transfected with Tim-3 siRNA. The results of the current study were consistent with those from Yang et al (20) , indicating that LPS increased Tim-3 expression in macrophages in septic mice.
Tim-3 is a type of transmembrane protein belonging to the Tim family. Variable and mucin domains are included in the extracellular region of Tim-3, which may be expressed in active Th1 cells but not in Th2 cells (19) . Tim-3 is also expressed on the surface of innate immune cells, including CD 4+ T cells, CD 8+ T cells, monocytes, B cells and natural killer cells (19) . Typically, abnormalities of Tim-3 signaling pathway are associated with allergic, autoimmune and viral infectious diseases, including asthma, systemic lupus erythematosus, RA and aplastic anemia (16, 17) . Tim-3 potentially modulates the immune response by negatively regulating Th1 to inhibit the inflammatory reaction. It has been demonstrated that Tim-3 is highly expressed in CD 4+ T cells from patients with RA and positively associated with rheumatoid factors (19) . In addition, Lee et al (18) demonstrated that levels of Tim-3 mRNA in the synovial tissue from patients with RA were higher than in healthy controls. Taken together, these results demonstrate that Tim-3 was expressed in the Th1 and synovial cells of patients with RA. In addition, Tim-3 overexpression may promote the activation and proliferation of tumor cells and macrophages (25) (26) (27) . The present study also conducted a MTT assay to detect the effects of Tim-3 siRNA on the LPS-induced proliferation of FLS. The results demonstrated that LPS increased the viability of FLS in patients with RA. By contrast, Tim-3 silencing decreased cell viability in LPS-induced and control cells. The current study also measured the expression of TLR4, MyD88 and NF-κB p65 in different groups. The results of the present study suggest that LPS stimulated TLR4, MyD88 and NF-κB p65 expression. TLRs belong to the type I transmembrane protein family and 13 types have been identified so far (28) . Among these subtypes, 10 exhibit functional activity, which may influence different types of pathogen associated molecular patterns (PAMPs) that mediate various biological effects (29) . This is important as the majority of biological activities are closely associated with different immune-related diseases. TLR4 was the earliest TLR to be identified and is able to combine with PAMPs including LPS, mannose, tuberculosis and mycobacterium tuberculosis, as well as endogenous ligands (30) . LPS is a common type of ligand (31) . In the current study, it was determined that LPS is able to activate TLR4 and recruit MyD88 to activate the NF-κB signaling pathway. These data were consistent with those from previous studies, which demonstrated that TLR4 and NF-κB were activated in RA (11, 32) . Therefore, TLR4 may be developed as a therapeutic target for RA. In addition to the inflammation-related signaling pathway, the current study measured cytokine levels. Consistent with the TLR4 signaling pathway, LPS stimulated TNF-α, IFN-γ and IL-6 expression, which were significantly attenuated by Tim-3 silencing.
In conclusion, the present study compared the expression of Tim-3 in normal FLS with RA FLS. The expression of Tim-3 in the FLS from patients with RA was increased. Tim-3 silencing decreased FLS viability and attenuated the LPS-induced inflammatory reaction. These data indicate that Tim-3 may be a therapeutic target for RA.
